The ionization hypothesis, and the introduction of a general mechanism known as the SNl reaction, was without doubt one of the most important developments in theoretical organic chemistry. The pioneering work of Ingold and (the late) Hughes stimulated an extensive investigation of so:.volytic displacement reactions and the development of more and more re:ined methods for the study of reaction mechanisms.
One of the latest addenda to the set of tools used for this purpose was the application ofisotopes. Although 14C was, at the beginning, one ofthe most widely used isotopes in organic chemistry, more recently the light isotopes, particularly deuterium and tritium, have gained in importance.
In connection with kinetic studies isotopic substitution proved to be of great help in the investigation of the rate-determining step in unimolecular di:;placeJnent reactions, and for the elucidation of the structure of short-lived ionic intermediates.
In the limiting case of displacement reactions the influence of an internal nccleophile-the neighbouring group-has been the subject of extensive studies. Systematic investigation of unusual reactivities in systems with neighbouring group participation produced the hypothesis of resonancestHhilized transition states, and led to the idea of "non-classical" ionsl. Such ionic species have been proposedas relatively stable intermediates in a number of cases where rate enhancements and/or skeletal rearrangements W(!re observed (Figure 1) .
In all these structures the transition state stabilization is explained by a eh arge delocalization due to partial overlapping of the empty p-orbital at the reaction centre with the neighbouring carbon-carbon bond.
The relative importance of non-classical intermediates recently became the subject of considerable controversy 2 . The nurober of non-classical structures that has been proposed has multiplied fantastically in recent years, and a critical re-examination of the basic concept is certainly justified.
Brown expressed the opinion2 that essentially in every case where nonclassical structures have been suggested, strained initial states were involved. This raises the question as t:o what extent the observed rate accelerations are due to non-classical resonance, and how much to raised initial state free energy.
The cyclopropylcarbinyl system is one of the numerous examples where high rea.ctivities have been attributed to non-classical stabilization of the tra.nsition state. The cationic reactions of this system have been thoroughly studied by Roberts and co-workers3 and the hypothesis was advanced that these reactions can be best explained by means of non-classical intermediates. The symmetrical tricyclobutonium ion structure (I) first proposed 
One of the important arguments in favour of (II) was the reported observation3 that (1-methylcyclopropyl)-carbinyl chloride was about 50 times more reactive than cyclopropylcarbinyl chloride. However,. the peculiar behaviour of this system is still not fully understood. The introduction of a phenyl group in the 2-position has only a small effect on the rec.ction rate 4 , and the same is the case if phenyl groups are attached to po:;itions 3 and 4 in the cyclopropyl rings, 6 ( Table 1) .
·we became interested in this problern some years ago, and the idea was to find out if the introduction of deuterium at certain positions in cyclopropylcarbinyl derivatives could yield more information about the structure of the intermediate cation formed in the rate-determining step. Unfm tunately, the measurements ofthe solvolysis rates of deuterated compounds lisred in Table 2 provided no clear evidence of the structure of the transition st<Jte 7. At this stage the only conclusion which could be reached was that a syJnmetrical cation of structure (I) is certainly not involved, and that only a srr.all dispersion of positive charge occurs in the rate-d~termining step at the ring methylene carbon atoms. In view of the experimental evidence presented so far, it was of considerable interest to investigate the influence of deuterium substitution in the methyl groups of methyl substituted cyclopropylcarbinyl derivatives on the solvolytic reactivity. If in these reactions an intermediate resembling (D) is formed, the solvolysis of (1-methyl-d 3 -cyclopropyl);.carbinyl derivatives can be considered as analogous to that of beta deuterium Iahelied compounds, and a secondary kinetic isotope effect would be expected. On the other hand, the introduction of gem methyl and methyl-da groups in position 3 should have only a small effect on the solvolysis rate (Figure 2) . I ""c/ I / ""'
1-Methylcyclobutanol was prepared by hydrochloric acid isomerization of ( 1-methylcyclopropyl) -car binol.
The methanesulphonates listed in Table 3 were prepared by esterification of the alcohols with methanesulphonyl chloride in the presence of pyridine. They are viscous oils which decompose upon standing at room temperature. Their purity was in all cases better than 99 per cent as estimated from the neutralization equivalent. The i.r. spectra were in agreement with the proposed structure. Relative rates Relative rates Table 4 were also prepared using the procedure of Young et az.s Purification was achieved by gasliquid chromatography and checked by determination of the neutralization equivalent, n.m.r. and i.r. spectra. The deuterium content of Iabelied compounds was determined from the n.m.r. spectra and was at least 95 per cent of the theoretical values.
RESULTS AND DISCUSSION
The kinetic measurements were performed in a thermostated cell using ar. automatic recording titrator (Radiometer, Copenhagen, Type SBR 2/SBU I).
The solvolysis of all compounds with the exception of (1-methylcyclopropyl)-carbinyl derivatives followed first-order kinetics. The reaction of the I-methyl derivatives was accompanied by an internal rearrangement to the corresponding cyclobutyl derivative (Figure 3) , and the instaut rate constant was calculated according to the procedure of Young et a [.9. _x_,_P_---1.,~ Products + H X Figure 3 The results ofthe kinetic measurements are summarized in Tables 3 and 4 . Perhaps the most salient feature of our results is the clear disparity be:tween the expected data and those obtained. The effect of deuterium substitution in the methyl groups had no influence on the reaction rate. Ir the case of (1-methyl-da-cyclopropyl)-carbinyl methanesulphonate this cannot be rationalized on the basis of a non-classical intermediate of structure (II). We were also unable to confirm the reported data3 whereby the introduction of a methyl group in the 2 position causes a 50-fold rate acceleration. The relative rateratiowas only 1 : 5 (for methanesulphonates) and 1 : '7 (for chlorides) respectively. This observation weakens one of the arguments in favour of (II).
The introduction of two gern methyl groups in the 3 position of the cyclopropane ring resulted in a hundred-fold increase of the reactivity. This result can be accommodated only by assuming a pronounced increase of the initial state free energy. If this were not the case, two methyl groups being approxiinately as effective in stabilizing a carbonium ion as one phenyl group, t:ie reactivity of the dimethyl derivative sha'uld be the same as of the ccrresponding phenyl derivative and not much different from the unsubstituted methanesulphonate.
Although further experimental evidence is needed for this and other sy3tems before a conclusion can be reached regarding the relative importance of non-classical intermediates, our results re-open the question of how to formulate the structure ofthe first formed intermediate in solvolytic reactions of cyclopropylcarbinyl derivatives.
